TECHNICAL  REPORT  NO.  7 
Presented  to 

The 'Office  of  Naval  Research 

Project  Number  NR  057-233 
Contract  Nonr-03700 
under  the  direction  of  Edward  S.  Amis 

entitled 

THE  ACID  HYDROLYSIS  OF 
ETHYL  DICHLORO ACETATE  IN 
ACETONE-WATER  SOLVENT 
by 

P.  Madhavan  Nalr  and  Edward  S.  Amis 


UNIVERSITY  OF  ARKANSAS 
Department  of  Chemistry 


January  19,  1954 


Fayetteville,  Arkansas 


THE  ACID  HYDROLYSIS  OF 


ETHYL  DICHLORO ACETATE  IN 
ACETONE-WATER  SOLVENT 

INTRODUCTION 

Even  though  it  Is  possible  tc  make  qualitative 
predictions  .’bout  the  Influence  of  substitution  on  the 
various  factors  Involved  In  solvent  effect  for  reactions 
In  solution,  there  has  been,  as  yet,  few  attempts  to  unruvel 
the  quantitative  aspects  of  the  problem  with  a view  to 
building  up  a comprehensive-  theory  cf  solvent  Influence 
on  reaction  velocities.  In  this  connection  an  investigation 
cf  the  rates  of  hydrolysis  of  substituted  halogen  esters 
in  mixed  solvents  was  expected  tc  be  ve*"y  valuable.  The 
results  of  a study  of  the  acid  catalyzed  • r.d  neutral 
hydrolysis  cf  ethyl  diehloro. acetate  are  reported  In  thlB 
communication. 

EXPERIMENTAL 

Purlfic  tlor.  of  Materials 

Acetone^  Acetone  w.-.s  purified  as  r-eported  before  (Ref. 

Tech.  Rep.  No.  6 Nr  057-233). 

Ethyl  die hlOittacetaf. o : The  ester  was  shaken  up  with  3# 
sodium  bl carbon;  tc  solution  tc  remove  free  acid,  washed 
with  distilled  water,  d^led  over  anhydrous  CaSO^  for  three 
days  and  distilled  under  reduced  pressure.  The  fraction 
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o 

boiling  between  131  and  131.5  C.  under  401  mm  pressure 
w as,  collected  fer  u:'e. 

All  water  UBed  was  double  distilled,  a little  potassium 
permanganate  being  added  before  the  second  distillation. 


Procedure: 

Stock  solutions  of  Ba(0H)g  and  HC1  of  strengths  0.0250  N 
and  0.6000  N respectively  were  prepared  from  analytical 
reagent  grade  jnatcri als  and  these  were  standardized 
using  potassium  acid  phthalate,  phcr.olphthalein  serving 
as  indicator.  The  strengths  of  the  stock  solutions  were 
cheoked  periodically. 


All  glassware  used  was  standardized.  The  thermostats 

. o o 

employed  controlled  temperature  within  - 0.02  C.  at  25  C. 
and  35°  C.  and  within  £ 0.03°  0.  at  65°  C. 


The  procedure  for  preparing  .’.elutions  for  kinetic 
runs  was  the  some  as  reported  in  previous  studies  on 
ester  hydrolysis.  The  required  volume  of  acetone,  kept 
at-  the  temperature  of  thv  experiment,  was  pipetted  into  a 
100  ml  volumetric  flask,  the  required  amount  cf  the  standard 
aoid  to  make  a 0.0500  N solution  was  added  and  tho  contents 
made  up  approximately  to  tho  neck  of  the  flask  with  water. 
The  solution  was  then  left  ir.  the  bath  for  l£  to  2 hours 
tc  attain  temperature  equilibrium.  Each  run  was  started 
by  adding  the  required  volume  of  the  ester  from  a 
mlcroplpotto  tc  make  a 0.0500  N solution  and  making  up  with 
water  at  the  temperature  of  tho  bath.  The  flask  was 
withdrawn,  well  shaker,  and  quickly  returned  to  the  bath. 
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Tho  timo  of  shaking  was  tekcn  an  starting  time  since  In. 
moat  c.'.flOB  tho  os  ter  does  net  go  into  solution  until  It 
Is  shaken.  10  ml.  sample-.  were  withdrawn  at  convenient 
Intervals  and  run  into  crushed  ico  prepared  frern  tho 
purified  water  and  titrated  against  Standard  C.\lc':um 
Hydroxide  (approximately  0.025  N,  actu.l  standardization 
was  tc  four  olgr.if leant  figures)  using  bromophonolblue 
as  indicator. 

The  procedure  for  neutral  hydrolysis  was  tho  same 

oxcept  no  acid  was  added  to  the  run. 

The  unlmolecular  rate  constants  k*  for  the  acid 

c .talyzcd  and  K for  neutral  runs  wore  obt  lr.ed  from 

n 

plots  of  log  (a-x)  again Ft  t.  Where  (a-x)  is  the  con- 
centration of  unroacted  ester  at  time  tt  The  true  rate 
constant  k for  the  acid  catalyzed  reaction  was  calculated 

C l 

from  tho  expreesion 

V = ka  (H) f kn 

Activation  energies  ir.  the  case  of  acid  hydrolyses  were 

calculated  from  plots  of  log  k vs  i.  Since  r.outr;  1 

T 

hydrolysis  was  done  at  two  tomporaturos  only,  the  values 
wore  calculated  straight  from  tho  velocity  constants. 


The  low  solubility  of  ClgCHCOOEt  ir.  water-rich 
solvent  mixtures  ltmitod  the  range  of  investigation.  An 
ester  concentration  of  0.05  Hi  was  desirable  for  roasonable 
accuracy  in  the  measurement s by  the  procedure  employed 
and  it  1e  impossible  to  prepare  a solution  of  that  strongth 
even  1 r.  40#  acetone.  The  solvent  compositions  omployod 
In  the  study  wore  50,  60,  70,  and  80#  by  volume  of  acetone. 
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Tho  specific  reaction  rate  ccr.nt.untc  wore  In  general 
reproducible  to  within  - 3-5$.  The  greatest  variation 
(5$)  was  found  lr.  the  solutions  containing  the  ledger 
percentages  of  acetone. 


Discussion 

The  velocity  constants  for  both  acid  and  neutral 
hydrolysis  In  the  various  media  arc  given  lr.  Tablos  I 
and  II.  The  plots  (Figs.  I and  II)  Indicating  the  change 
of  the  rate  constant  with  solvent  composition  are  roughly 
of  the  same  shape  as  obtained  by  Nair  and  Anantakrishnan  (1). 


Table  I 


(Acid  hy  rolycls,  k 

lr.  liters 

mole  ^ 

hour  1) 

~"-%«^Temp 

. , 25° 

0 _I 

35°  C | 

45C 

> 

C 

~ - 

2 

2 ! 

2 

Vol.  % Dielectric 
of  Acetone  Constant 

k x 10 

51  electric 
Constant 

k x 10 

Dielectric 

Constant 

k x 10 



• ’ - 

- --  • 

. . . — ■■  - 

- • - 

50 

j 52. Og 

9.27 

49. 7g 

16.10 

47. 8? 

33.83 

60 

' 45. 5n 
1 9 
; 33. 60 

6.28 

43. 4g 

12.05 

4i.8c 

26.15 

70 

3.95 

37. 70 

8.02 

35.  5r 

• KJ 

16.91 

80 

i 32. 1q 

2.62 

n 

30 « 5c 

i 

6.35 

| 29. 25 

13.58 

Table  II 


(Neutral  hydrolysis,  k In  liters  mole  1 hour  1) 
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and  Hockersmith  and  Ami 8 (2)  fo1”  acid  hydrolyple  of  ethyl 
acetate  and  methyl  propionate  respectively  in  acetone-water 
systems.  The  activation  energies  and  frequency  factors 
for  acid  cat.’  lysed  and  r.eut 'al  hydrolysis  are  shown  in 
Tables  III  and  IV. 


Table  III 


Acid  Hydrolysis 


% Acetone 

logio  PZ  | 

E in  calc. 

5C 

8.59 

13,200 

60 

8.68 

13,500 

70 

8.71 

13,800 

80 

9.68 

15,300 

L 

Table  IV 

Neutral  Hydrolysis 

% Acetone 

iogio  PZ 

E ir.  cols. 

50 

7.53 

14,500 

60 

7 .91 

1 5,50^ 

70 

8.49 

17,100 

80 

4.10  ? 

11,500  ? 

4 

The  changes  In  activ- tlon  energy  and  PZ  factor  are  In 
the  expected  direction  for  halogen  substitution  at  the 
o<. position.  The  decrease  in  activation  energy  is  more 
than  compensated  by  the  decrease  In  the  PZ  factor  and 
hence  the  hydrolysis  in  very  slow  cornered  to  that  of 
ethyl  acetate. 

The  specific  velocity  constant  for  the  ncutr.vl 
hydrolysis  in  80  percent  acetone  solvent  at  the  lower 
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tomporature  (35°  C)  scorns  to  bo  lr.  error.  This  is  because 
of  tho  oxtreinoly  small  vlue  ;f  the  constant  -t  this 
high  acetone  cencer.tr  • tior.  and  t thin  lowoy'  temperature. 

The  .'.ct’V'  tlon  energies  and  PZ  v lues  which  result  from 
calculat*ons  using  this  value  of  the  rate  const  ant  are 
consequently  lr.  error  ..nd  have  therefore  been  neglected 
In  this  dlsousslon.  Tho  questionable;  valuos  of  these 
quantities  have,  however,  boor.  Inserted  lr.  Tables  IT  and  IV. 

In  order  to  comp  re  the  effect  of  variation  of 
dielectric  constant  on  reaction  rate  for  the  substituted 
ester  with  that  for  unsubstituted  ester  a plot  of  log 
k against  I was  made.  The  division  by  Cu  o,  "the 

^HgO""*  15  2 

concentration  of  water  in  solution,  takes  care  of  the 
molecularlty  with  reepeot  to  water.  The  plots  Indicate 
linear  variation  of  log  k with  1 within  the  range  50-75$ 
acetone.  A sharp  upward  curvature  somewhere  abound  25$ 
acetone  1 ; Indicated.  The  interesting  feature  about 
those  curves  1 s that  they  have  a negative  slope  for  the 
straight  line  portion  while  those  for  ethyl  acetate  show 
a positive  slope.  Decrease  of  dielectric  constant  here 
result  In  decrease  of  k/Cj^Q.  The  change  In  slope  c: n 
be  readily  explained  as  follows. 

If  the  field  of  the  <<-  chlorine  atoms,  which  have 
acquired  part4  1 r.eg  tlve  character,  is  assumed  tz  be 
the  determining  factor  lr.  the  approach  of  the  water 
molecule  to  the  reaction,  center,  then  the  negative  slopes 
of  the  plots  a ne  readily  understood.  The  association  of 
the  advent  molecules  Involved  at  the  g-uup  lr.  question 
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wlll  be  closer  as  the  dielectric  constant  of  the  medium 
Is  decreased.  Change  lr.  the  extent  or  n ture  of  solvation 
of  the  Pt-r;r.gly  pola"  -CHClg  group  may  also  be  partly 
responsible  for  the  observed  trend.  This  can  result  In 
a lessening  cf  the  Inductive  withdraw  1 of  electrons 
from  the  reaction  center  (l.e. , there  could  be  a weakening 
of  the  polarization  cf  the  C-C  bend)  due  to  the  interaction 
of  the  olv.tlng  molecule  and  the  -CHClg  group.  The 
decreased  positive  ch:  racter  of  c .*bor.  would  make  the 
approach  of  water  molecule  more  difficult.  However,  It 
would  be  difficult  to  say  If  there  is  any  element  of  truth 
lr.  the  picture  given  above  clr.ee  the  reaction  center  Is 
next  to  the  polar  group  Involved.  Strong  solvation 
would  result  lr.  the  mutual  polarization  cf  both  dipoles 
Involved.  The  Increased  positivity  of  the  o<-  carbon  would 
thus  enhance  Inductive  withdraw .1  of  electrons  from  the 
reaction  center.  If  this  is  actually  what  happens,  and 
If  the  observed  trend  cf  ktermolecular  with  change  of 


D Is  to  be  interpreted  or.  the  basis  cf  alter-  tier,  of  the 


electrical  character  cf  the  carboxyl  c-r-bor.,  then  one 


has  to  postulate  : replacement  of  water  by  acetone  lr. 


the  sphere  of  solvation  of  the  -CHClp  gr.up. 

It  Is  hard  to  say  whether  the  diversion  of  the  lines 


of  force  cf  the  dipole  concerned  or  Its  enhanced  polari- 
zation, when  strongly  solvated,  Is  the  predominant 
factor  in  determining  the  change  lr.  potential  of  the 


dipole  system  at  the  reaction  center,  without  *ny 
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knowledge  of  the  geometry  of  solvation. 

It  ppears  f-”om  the  above  discussion  that  the 
d4-ect  field  effect  of  the  negative  chlorine  atoms  lr. 
X-posltion  affords  the  most  reasonable  explanation  of 
the  observed  variatior.6  of  reaction  rate  with  dielectric 
constant. 

The  linear  correlation  between  log  PZ  and 
which  Fairclough  and  Hlnshelwood  (3)  had  observed  in  a 
large  number  of  cases  and  which  had  been  accounted  for 
on  the  bailie  of  some  statistical  consider1  tions  is  found  to 
hold  good  for  the  data  presented  here  (Fig.  4). 
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